Pinus leiophylla Schiede and Deppe var. chihuahuana Engelmann (Chihuahua pine) is one of the few pines that sprout in response to disturbance. This species can sprout both from its base (Stone and Stone 1954) and from the stem or crown (Farjon and Styles 1997) . It is considered a fire-resilient species, having a low to moderate tolerance to fire but an ability to regenerate rapidly through the mechanism of sprouting (McCune 1988) . The ability to sprout is believed to be restricted to young and juvenile trees. Of all the North American pines, P. leiophylla has the best ability to sprout from the base (McCune 1988) . Mature trees have thick bark (Perry 1991) , which may help insulate cambial tissue from fire (Pavek 1994) .
In the United States, P. leiophylla grows in southwestern New Mexico and southeastern and east central Arizona on dry slopes ranging from 1524 to 2438 m in elevation (Petrides 1992) . Pinus leiophylla is most commonly found in the mountains of southeastern Arizona; however, it is rare and sporadic on the Mogollon Rim in east central Arizona (Petrides 1992 , Muldavin et al. 1996 .
In east central Arizona, the Rodeo-Chediski fire burned approximately 189,000 ha in 2002 and was the largest fire recorded in Arizona (USDA Forest Service 2002). This fire, which burned portions of the Mogollon Rim, provided the opportunity to assess post-fire sprouting characteristics of P. leiophylla in an area where it is rare, where it is the only pine species in the area that sprouts following fire, and where it is at its northern latitudinal limit (Petrides 1992) . Considering that large crown fires are likely to continue occurring in the area (Covington et al. 1994) , response of this population to fire has significant implications for sustainability of P. leiophylla on the Mogollon Rim.
We asked 3 questions regarding the effects of fire on basal sprouting of P. leiophylla in stands burned in the Rodeo-Chediski fire on the Mogollon Rim: (1) does tree age have an influence on the ability to resprout; (2) does fire intensity have an influence on the ability to resprout; and (3) does tree age have an influence on survival? We assessed the results of this study in the context of P. leiophylla management.
METHODS
The study was conducted on the RodeoChediski burn in the Black Mesa Ranger District of the Apache-Sitgreaves National Forest ABSTRACT.-Chihuahua pines (Pinus leiophylla Schiede and Deppe var. chihuahuana Engelmann) were surveyed on 11 study plots on the Mogollon Rim in east central Arizona to compare characteristics of trees that sprouted from the base or root collar after the Rodeo-Chediski fire with those of trees that did not sprout. The differences in trees killed and top-killed by the fire versus those that survived were also assessed. Trees that sprouted were significantly smaller in height and diameter at breast height; they also experienced lower fire intensities than trees that did not sprout. Smaller trees had higher incidences of mortality than larger trees. These results indicate that, even though Chihuahua pine has fire resiliency, sprouting rates after fire are related to size of trees, age of trees, and burn intensity. Since Chihuahua pine is a rare species in the area studied, its ability to recover from and tolerate fire could prove advantageous for sustainability. We selected 11 study plots based on known locations of P. leiophylla. Plots were located over a distance of approximately 37 km (Fig.  1) . Due to the rarity of P. leiophylla in the area, it was necessary to locate plots in a subjective manner. We chose sample plots in areas where P. leiophylla was in greatest abundance and made an effort to include a variety of tree sizes and sprouting responses. Each plot was 50 × 20 m and permanently marked with an iron stake at the northeast corner. Every P. leiophylla individual was sampled regardless of size, due to the ability of very young (small) trees to sprout. For each tree, we measured the following attributes: condition (live or dead), diameter at breast height (dbh), total height, height of live crown base, minimum and maximum char heights, whether or not the stem sprouted, and number of basal sprouts. Increment cores were taken from a subset of trees to determine ages. We assumed that the majority of charred, recently killed trees were killed by the Rodeo-Chediski fire. We also assumed char height was correlated positively with flame length and thus was an approximation of fireline intensity near the individual trees as in Agee (1993) .
Within each plot, we sampled subplots for other overstory trees, shrubs, and regeneration. Other overstory tree species were identified within the northeast quadrant and diameters at breast height were measured. A 5 × 10-m shrub plot originating from the northeast corner was used to tally live and dead shrubs and tree regeneration. The heights of shrubs and regeneration were recorded into 3 height classes: 0-40 cm, 41-80 cm, and 81-137 cm.
We took photos at each plot from the northeast corner facing into the plot center. UTM coordinates were recorded at the northeast corner. Plot aspect and slope were recorded. Plots were corrected for slope in the field.
Data were analyzed with JMP (release 5.0.1.2; SAS, Inc., Cary, NC). We compared characteristics of sprouting and nonsprouting trees including diameters, total heights, and minimum and maximum char heights. Diameters of trees that survived the fire and trees that did not were also compared. Most data were found to have nonnormal distributions and unequal variances, but these problems were corrected with square-root transformations. WESTERN NORTH AMERICAN NATURALIST [Volume 67 A Welch ANOVA was used to test data with unequal variances.
RESULTS
Among living plants in the 11 plots sampled post-fire, P. leiophylla and P. ponderosa were codominant. Pinus ponderosa density was slightly higher than that of P. leiophylla, but basal area was higher for P. leiophylla. There was also a small amount of Juniperus deppeana and Quercus gambelii (Tables 1, 2) , both of which were observed to be sprouting from the base in a manner similar to P. leiophylla. Arctostaphylos pungens and Ceanothus fendleri were the only shrubs we found. Arctostaphylos pungens was the dominant shrub.
We found a positive linear relationship (R 2 = 0.6324, y = 4.493x -4.2857, P < 0.0001) between dbh and age of P. leiophylla. The oldest tree dated was 220 years old and the youngest was 26 years old.
Of all P. leiophylla individuals sampled, 34% sprouted from the base and 61% were topkilled in the fire. The averages on a per-plot basis were similar to the average of all trees sampled (Table 3 ). The highest mortality rate of P. leiophylla occurred mostly in smaller dbh classes and was generally lower in larger dbh classes. There was no mortality in the 30-35-cm or the 35-40-cm classes (Fig. 2) . Diameters were significantly greater for live trees than for dead and top-killed trees (t = 6.13, P < 0.0001; Table 4 ).
Individuals of P. leiophylla that sprouted from the base had significantly different characteristics from those that did not sprout. Trees with basal sprouts were smaller in dbh (F = 61.42, P < 0.0001), shorter in total height (F = 44.50, P < 0.0001), and had lower maximum char heights (F = 6.31, P = 0.0130) than trees that did not sprout (Table 5 ). The majority of trees that sprouted from the base were in the 0-5-cm diameter class (Fig. 3) and reflected the distribution of dbh (Fig. 2) . The proportion of sprouting from dead trees decreased with increasing dbh (Fig. 3) .
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CHIHUAHUA PINE SURVIVAL AND SPROUTING 53 (Fig. 4A, 4C ). Sprouting by P. leiophylla following this fire occurred both from topkilled trees and from live trees. For top-killed trees, however, sprouting was not uniform, because higher char height on trees, indicating greater fire intensity (Agee 1993), was associated with reduced sprouting response. This suggests that, though P. leiophylla is known to be resilient to fire, this resilience may be negatively influenced by increased fire intensity.
This study also supports the observation of Perry (1991) that sprouting of P. leiophylla occurs mostly in young trees. This poses an important implication for management of forests containing this species. To have a favorable sprouting response to fire, stands of P. leiophylla should be managed to ensure that there are significant numbers of trees with diameters at breast height <30 cm.
The observations in this study indicate that P. leiophylla has certain distinct advantages compared to other tree species in the area. Since P. leiophylla is the only sprouting pine species on the Mogollon Rim, its ability to sprout as a form of regeneration following fire could be an important advantage over P. ponderosa. Because sprouting is not dependent upon a crop of seeds, P. leiophylla can regenerate even when all the trees in an area have been killed. This ability could potentially mean the difference between pines being dominant in an area after fire versus dominance of another tree or shrub species. Pinus leiophylla also possesses a degree of fire resistance in mature trees. This may serve as an advantage over other sprouting species that do not possess thick bark and are more easily top-killed, such as oaks.
That P. leiophylla has shown considerable regeneration immediately after the RodeoChediski fire has implications for tree diversity on the Mogollon Rim. Currently, P. leiophylla is a rare species in the area, but given the advantages mentioned above, it may likely increase in abundance in the future.
Though this study identified important traits related to sprouting, more extensive research should be done on this species to assess the relationships between bark thickness and tree age, size, and fire resistance; factors that cause or influence stem and basal sprouting; and ability of sprouts to produce cones. The height, growth, and survival of basal sprouts should be studied over time to assess whether postfire sprouting translates into mature trees. Also,
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WESTERN NORTH AMERICAN NATURALIST [Volume 67 Fig. 2 . Distribution of diameters at breast height of live and dead individuals of Pinus leiophylla for the 11 study plots. Dead trees were killed by the fire. Fig. 3 . Distribution of diameters at breast height of live and dead trees that sprouted from the base after the Rodeo-Chediski fire for the 11 study plots. 
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it would be interesting to compare the sprouting response to fire of P. leiophylla with the sprouting responses of Q. gambelii and J. deppeana on the Mogollon Rim to assess post-fire interactions of these species.
